Background: To improve sinus rhythm conversion, the Cox maze III procedure with narrow mazes (width: ≤3.0 cm) was performed in combination with left atrial volume reduction. Methods: From October 2007 to April 2013, 87 patients with atrial fibrillation (paroxysmal in 3, persistent in 14, and permanent in 70) underwent the Cox maze procedure concomitant with another cardiac procedure. They were followed-up with serial electrocardiographic and echocardiographic studies. We used 24-hour Holter monitoring tests to evaluate postoperatively symptomatic patients. Results: At the mean follow-up time of 36.4 months, 81 patients (94.2%) had sinus rhythm and two were on anti-arrhythmic medication (one on a beta-blocker and the other on amiodarone). Five patients (5.8%) with postoperative recurrent and persistent atrial fibrillation never experienced sinus rhythm conversion; however, they did not require any medication for rate control. On postoperative echocardiography, the left atrial A waves were more frequently observed after concomitant mitral valve repair than after concomitant mitral valve replacement (82.4% vs. 40.4%, respectively; p＜0.001). Conclusion: For the Cox maze procedure, narrow mazes and atrial volume reduction resulted in excellent sinus rhythm conversion without the preventive use of anti-arrhythmic drugs, and they did not affect the presence of the left atrial A waves on echocardiography.
INTRODUCTION
Atrial fibrillation (AF) is present in up to 50% of the patients undergoing mitral valve surgery and in 1% to 6% of the patients undergoing coronary artery bypass grafting or aortic valve surgery [1] [2] [3] . Since the introduction of the maze procedure for the treatment of AF in 1987 [4] , it has been simplified by replacing the maze incisions with cryoablation and radiofrequency ablation [5] . Although some randomized trials have demonstrated an excellent conversion rate of sinus rhythm with radiofrequency ablation [6] , 20% to 30% of the patients undergoing the maze procedure have exhibited recurrent AF during the follow-up period [7] .
Among the maze procedures that were performed in the same fashion, the dimensions of the mazes differ widely in accordance with the left atrial sizes. However, maze dimensions are an important factor for successful sinus rhythm conversion, interrupting reentrant circuits in the left atrium (LA). We set the maze dimension at ≤3.0 cm in all patients requiring the maze procedure. The enlarged LA was reduced Left atrial dimension＞60 mm. Values are presented as number (%).
by the resection of the redundant inferior wall of the LA with and without plication of the posterior walls, left lateral wall, or superior walls of the LA. The aim of this study is to evaluate the efficacy of narrow mazes and left atrial reduction in the Cox maze procedure.
METHODS
This study was approved by Chonbuk National University
Hospital institutional review board. Each patient included in these analyses provided informed consent. Cox Maze Procedure Using Narrow Mazes Values are presented as mean±standard deviation or number (%).
1) Patients and combined surgery
− 361 −
3) Echocardiography
Transthoracic echocardiographic images were obtained with commercially available echocardiography machines (Vivid 7 system; GE Healthcare, Milwaukee, WI, USA) equipped with 2.5MHz transducers. LA dimensions were measured on an M-mode tracing taken from a parasternal long-axis view. At discharge from the hospital and after more than 6 postoperative months, left atrial 'A' waves, suggesting the mechanical contraction of LA, were assessed in four-chamber views and the E/A ratios were measured.
4) Postoperative follow-up
Patients who experienced postoperative sinus rhythm conversion were temporarily prescribed anticoagulation therapy and either digoxin or a beta-blocker. Class I or III antiarrhythmic agents were not used. In cases of recurrent or persistent AF after surgery, a class III antiarrhythmic drug Echocardiography was performed before surgery, during postoperative admission, at discharge, at 6 months, and then annually. Patients who had paroxysmal palpitation were asked to undergo 24-hour Holter monitoring to assess their sinus rhythm.
5) Statistical analysis
All data were expressed as mean and standard deviation.
Categorical variables were compared using the chi-square or 
RESULTS

1) Postoperative data
In the operating room after surgery, 22 patients (25.6%) required temporary ventricular pacing due to bradycardia: the remaining 64 (74.4%) showed sinus rhythm (Table 3) . nus rhythm (Table 3 ) and two (2.3%) were taking amiodarone due to the intermittent recurrence of AF. Two patients (2.3%) had permanent pacemaker insertion for sinus node dysfunction at 4 and 6 months, respectively.
A postoperative left atrial thrombus developed after the discontinuation of warfarin in one woman with an LA 60 mm in size that would not be diminished due to the LA wall calcification. It disappeared quickly with warfarin re-medication.
2) Factors predicting sinus rhythm conversion after the maze procedure
The presence of sinus rhythm at postoperative month 6 was the only factor predicting the sinus rhythm at the last follow-up (odds ratio, 158.0; 95% confidence interval, 11.7 to 2,131; p＜0.001). Sex, age, underlying cardiac lesions, number of procedures, duration of AF, presence and type of mitral valve disease, preoperative and postoperative left atrial dimensions, and left ventricular ejection fraction were not risk factors for the failure of the sinus rhythm conversion.
3) Left atrial dimensions and left atrial reduction plasty
Although preoperative LA dimensions were greater in the patients (35 patients, 40.2%) with LA reduction plasty than in those (52 patients, 59.8%) without (59.5±11.6 cm vs. Mantel-Haenszel chi-square test. Table 4 ). In the stratified analysis, mitral valve repair was a predictor of the presence of left atrial A waves (p=0.015; odds ratio, 0.28; 95% confidence interval, 0.06 to 0.74), but the rheumatic mitral lesion did not affect the rate at which the left atrial A waves were present (p=0.213; odds ratio, 0.47; 95% confidence interval, 0.13 to 1.63) ( Table 5 ).
5) Postoperative course in patients with recurrent and persistent atrial fibrillation
Five patients with recurrent and persistent AF had mean heart rates of 64 to 82 beats per minute. Although they did not obtain sinus rhythm conversion with the use of a class III drug (amiodarone), they did not require medication for rate control.
DISCUSSION
For our patients, the mazes were made in a narrow width (≤3.0 cm) and the postoperative sinus rhythm conversion rate was quite excellent at 94.2%. Although some reports [8, 10] described similarly excellent conversion rates of ≥90%, most reports [11] [12] [13] have posted conversion rates of 80% to 90%. All patients in our study achieved sinus rhythm conversion or regular ventricular rhythm immediately after surgery. Although 26.5% of the patients had an AF relapse during their postoperative hospital stay, most patients (except for six patients with persistent AF) returned to sinus rhythm at discharge without anti-arrhythmic medication. A betablocker, digoxin, and/or diltiazem were prescribed only for the patients who had rapid sinus rhythm; class I or III antiarrhythmic agents were never used. In a previous report [10] , many patients were prescribed class I or III antiarrhythmic agents at discharge, and 17% of the surgical patients remained on antiarrhythmic medication at postoperative month 24. In the present study, we did not use preventive antiarrhythmic medications at discharge. Six patients who had persistent AF at discharge were prescribed amiodarone; however, sinus rhythm conversion was not obtained, and the medication was stopped at 3 months.
In dilated or diseased atria, AF is caused by two mechanisms: triggered activity and re-entry [14] . The main aim of making the mazes in the diseased atria is not only to interrupt the most common reentrant circuits but also to direct the sinus node impulse to the AV node along a specific route [15] . In atria with pathological derangements, the reentrant circuits have variable dimensions according to their different refractory periods [16] . In particular, when the circuits are relatively small due to short refractory periods, mazes that are made in the same pattern irrespective of the atrial size cannot effectively interrupt the reentrant circuits because the maze dimensions in the enlarged atria are frequently larger than those of the reentrant circuits. Narrow mazes might be more − 364 − effective in interrupting the reentrant circuits. We made narrow mazes (≤3.0 cm) in all directions. However, the narrow mazes reduce the effective contractile area in the LA because the mechanically active atrial myocardium is excluded by the narrow mazes. In our study, without antiarrhythmic medication after surgery, sinus rhythm was maintained in ≥90% of the patients without a significant recurrence of AF. At the last follow-up, two of the patients with sinus rhythm conversion were on amiodarone and a beta-blocker medication, respectively. The narrow mazes surrounding the mitral annulus appeared to prevent the development of unstable sinus conversion.
In our study, 60% of the patients who underwent mitral valve surgery had left atrial A waves on echocardiography, suggestive of mechanically active left atria. Eighty percent of our patients with mitral valve repair exhibited left atrial A waves, compared with 69% to 90% in previous reports [17, 18] In a previous report [19] , rheumatic mitral valve disease was a predictive factor of low atrial contraction recovery (absence of left atrial A waves) in patients who experienced sinus rhythm recovery after the maze procedure. There were more rheumatic valve patients than non-rheumatic valve patients in the present study, and the left atrial A waves were present less often in rheumatic valve patients; however, a rheumatic mitral lesion did not affect the presence of left atrial contraction in the stratified analysis, which was per- should be added to achieve sufficient volume reduction [9] .
Although the absence of a left atrial contraction after the maze procedure has been associated with a five-fold increase in the stroke risk, and the large LA volume (volume index＞ 33 mL/m 2 ) has been associated with a three-fold risk increase [17] , our study did not deduce such evidence.
For patients who had sinus conversion but experienced palpitation, we performed 24-hour Holter monitoring to search for symptomatic paroxysmal AF. Although we did not find the arrhythmias, we were unable to rule out paroxysmal AF with the test alone.
We suggest that combining the Cox maze procedure with narrow mazes (maze width≤3.0 cm) and volume reduction can result in an excellent sinus rhythm conversion without preventive anti-arrhythmic medication. Left atrial contraction
